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ABSTRACT : 

PROBLEM TO BE SOLVED: To produce a thermoelectric 
semiconductor sintered 

element having good thermoelectric characteristics by 
employing a hot extrusion 

process for extruding a sintered molding while heating at 
the time of sintering 

thermoelectric semiconductor crystal powder pulverized 
through a pulverization 
process . 

SOLUTION: Materials of Bi, Te and Se having purity of 3N 
are weighed to 
provide a composition of 

Bi<SB>2</SB>Te<SB>2.85</SB>Se<SB>0.15</SB> and thrown 
into a quartz tube. HgBr<SB>2</SB> is added thereto in 
order to condition the 

carrier concentration. While heating the evacuated quartz 
tube, a mixture 

material is fused and stirred and then it is cooled to 
produce a thermoelectric 
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semiconductor crystal alloy. Subsequently, it is crushed 
in a cutter mill to 

produce thermoelectric semiconductor crystal powder which 
is then placed in a 

hot extruder 1. The temperature of a heater 12 is 
regulated along with the 

pressure of a punch 13 such that the thermoelectric 
semiconductor crystal 

powder is pressed by means of the punch 13 while being 
heated and sintered 

gradually thus producing a thermoelectric semiconductor 
sintered element 16. 
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ABSTRACTED- PUB-NO: DE 19734471A 
BASIC-ABSTRACT: 

The hot extrusion process involves using a cylindrical 
heating sleeve (12) that 

surrounds an extrusion die (11) . The die has a main 
section in the form of a 

hopper with a 20mm diameter and this reduces in a cone 
section (111b) to a 2mm 
nozzle ( 16) . 
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The powder alloy of thermoelectric material (11a) is 
extruded by a plunger (13) 

while being heated at 200 to 580 degrees Celsius to produce 
a continuous 

pulverised sinter material out of thermoelectric 
semiconductor. e.g. of 

BixSbyTezSea . The sintered output is then cut into 
multiple elements. 

USE - Thermoelectric semiconductor manufacture 
ADVANTAGE - Provides high mechanical strength. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the thermoelectric semiconductor sintered compact characterized by having the 
hot extrusion process which extrudes heating said thermoelectric semiconductor crystal powder in which disintegration 
was carried out by the powder chemically-modified [ which carries out disintegration of the thermoelectric 
semiconductor crystal ] degree, and the powder chemically-modified [ said ] degree, and fabricates a thermoelectric 
semiconductor sintered compact, and the cutting process which cuts the thermoelectric semiconductor sintered compact 
extruded by said hot extrusion process,' and fabricates a thermoelectric semiconductor sintering component. 
[Claim 2] It is the manufacture approach of the thermoelectric semiconductor sintering component characterized by 
said cutting process cutting said thermoelectric semiconductor sintered compact to the direction of extrusion in said hot 
extrusion process in claim 1 in a vertical plane. 

[Claim 3] It is the manufacture approach of the thermoelectric semiconductor sintering component characterized by 
said hot extrusion process performing heating temperature in claim 1 within the limits of 200 degrees C - 580 degrees 
C. 

[Claim 4] Setting to claim 1, said hot extrusion process is an extrusion pressure 500kg/cm2 The manufacture approach 

of the thermoelectric semiconductor sintering component characterized by carrying out as the above. 

[Claim 5] The thermoelectric semiconductor sintering component which carried out disintegration of the thermoelectric 

semiconductor crystal, extruded heating the powder of this thermoelectric semiconductor crystal, fabricated the 

thermoelectric semiconductor sintered compact, and cut and fabricated this thermoelectric semiconductor sintered 

compact. 

[Claim 6] Said thermoelectric semiconductor sintering component is a thermoelectric semiconductor sintering 
component to which it is characterized by the diameter of crystal grain being 10 micrometers or less in claim 5. 
[Claim 7] Setting to claim 5, said thermoelectric semiconductor crystal is a degree type and Bix Sby Tez Sea 
(0.35<=x<=0.65, 1.35 <=y<=1.65, 2.65<=z<=3.3, 0<a<=0.35). 

The thermoelectric semiconductor sintered compact which comes out and is characterized by being the presentation 
shown. 

[Claim 8] Setting to claim 5, said thermoelectric semiconductor crystal is a degree type and Bix Sby Tez 
(0.35<=x<=0.65, 1.35 <=y<=1.65, 2.65<=z<=3.3). 

The thermoelectric semiconductor sintered compact which comes out and is characterized by being the presentation 
shown. 

[Claim 9] Setting to claim 5, the powder of said thermoelectric semiconductor crystal is a degree type and Bix Sby Tez 
Sea (1.35<=x<=2.05, 0<y<=0.65, 2.65 <=z<=3.1, 0< a<=0.3). 

The thermoelectric semiconductor sintered compact which comes out and is characterized by being the presentation 
shown. 

[Claim 10] Setting to claim 5, the powder of said thermoelectric semiconductor crystal is a degree type and Bix Tez 
Sea (1.35<=x<=2.05, 2.65 <=z<=3.1, 0<a<=0.35). 

The thermoelectric semiconductor sintered compact which comes out and is characterized by being the presentation 
shown. 

[Claim 11] Setting to claim 5, the powder of said thermoelectric semiconductor crystal is a degree type and Bix Tez 
(1.35<=x<=2.05, 2.65 <=z<=3.1). 

The thermoelectric semiconductor sintered compact which comes out and is characterized by being the presentation 
shown. 



[Translation done.] 



Page 1 of 9 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the thermoelectric semiconductor 
sintering component which sintered the thermoelectric semiconductor, and a thermoelectric semiconductor sintering 
component. 
[0002] 

[Description of the Prior Art] Conventionally, the crystal ingredient which was made to carry out unidirectional 
solidification and was produced with the Bridgman method or the zone melt method was being used for the 
thermoelectric semiconductor constituent used for an electronic cooling element. 

[0003] However, since it has cleavability and is easy to be divided in respect of this in a Te-Te plane of union when 
using a single crystal ingredient as a component as it is (for example, when using the ingredient of a Bi-Te system as a 
component), it is very weak and the dependability and the mechanical strength of an electronic cooling element fall. 
Then, in order to improve a mechanical strength, as shown in JP,64-37456,A, after carrying out disintegration of the 
thermoelectric semiconductor crystal and classifying in desired particle diameter, a hotpress is performed, a powder 
sintered compact is formed, and what cuts down this sintered compact and is used as a thermoelectric semiconductor 
sintering component is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] As described above, after the conventional thermoelectric semiconductor 
sintering component carries out disintegration of the crystalline, what forms a sintered compact with a hotpress etc. is 
in use. however, the request of the latest energy saving and space-saving-izing increases - be alike and hang ~ while 
what has the still better thermoelectrical property (performance index = (Seebeck coefficient) 2 x electrical 
conductivity / thermal conductivity) of a thermoelectric semiconductor comes to be desired and dependability and a 
mechanical strength are maintained - in addition - and in offering what was excellent in the property, the limitation 
has been arrived at by the manufacture approach of the thermoelectric semiconductor by the conventional hot pressing. 
[0005] Moreover, in the hotpress process, the mold cavity space in which a sintered compact should generally be 
formed is formed in the shape of a cylinder. For this reason, the sintered compact taken out by carrying out a hotpress is 
also cylindrical. For this reason, in case a component is started from a sintered compact, the cylindrical periphery 
section is removed first and it is necessary to consider as a prismatic form, to cut this prism still more finely, and to 
produce a component. For this reason, the periphery section of the cylinder removed when making it a prismatic form 
is not used as a product, consequently has the trouble of worsening the product yield. In case a hotpress is carried out, if 
- the sintered compact of a prism is manufactured, the above-mentioned trouble will be solved, but if constituted in this 
way, a pressure will concentrate on a corner at the time of a hotpress, and the new trouble that the thermoelectrical 
property of a thermoelectric semiconductor varies by the variation in welding pressure will occur. 
[0006] Moreover, generally, 10-200 micrometers and since it is large, the particle diameter of the powder crystal grain 
child at the time of carrying out a hotpress has the trouble that the grain boundary when considering as a sintered 
compact is large, and a mechanical strength does not become so high. 

[0007] Therefore, it makes it a technical technical problem to raise the property of a thermoelectric semiconductor 
more, this invention being made in view of the above-mentioned actual condition, and maintaining dependability and a 
mechanical strength. Moreover, in the manufacture approach of a thermoelectric semiconductor, the yield is good and 
let it be a technical technical problem to consider as the thermoelectric semiconductor sintering component which the 
property was stabilized when it started as a component, and was excellent also in the mechanical strength. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical technical problem, the technical 
means provided in claim 1 of this invention The hot extrusion process which extrudes heating said thermoelectric 
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semiconductor crystal powder in which disintegration was carried out by the powder chemically-modified [ which 
carries out disintegration of the thermoelectric semiconductor crystal ] degree, and the powder chemically-modified 
[ said ] degree, and fabricates a thermoelectric semiconductor sintered compact, It is having considered as the 
manufacture approach of the thermoelectric semiconductor sintered compact characterized by having the cutting 
process which cuts the thermoelectric semiconductor sintered compact extruded by said hot extrusion process, and 
fabricates a thermoelectric semiconductor sintering component. 

[0009] In case what should be most observed by this invention sintering-izes the thermoelectric semiconductor crystal 
powder in which disintegration was carried out by the powder chemically-modified degree, it is having used the hot 
extrusion process which extrudes heating and fabricates a sintered compact. And it is having cut the sintered compact 
manufactured according to the hot extrusion process, and having considered as the thermoelectric semiconductor 
sintering component. If a sintered compact is manufactured by extrusion molding, the thermoelectric semiconductor 
sintering component equipped with the thermoelectrical property better than the conventional thing can be 
manufactured. Moreover, since the sintered compact manufactured at the hot extrusion process is cut and it considers as 
a sintering component, all the used raw materials can be used as a component, and the yield improves. Furthermore, 
since it is a sintering component, a mechanical strength is also good. 

[0010] As for said cutting process, like [ in solving the above-mentioned technical technical problem ] the technical 
means provided in claim 2 of this invention, it is desirable to cut said thermoelectric semiconductor sintered compact to 
the direction of extrusion in said hot extrusion process in a vertical plane. When a sintered compact is manufactured 
according to a hot extrusion process, welding pressure is applied to homogeneity to the cross section of a sintered 
compact. For this reason, a thermoelectrical property can be stabilized, if a sintered compact is cut to these cross 
section and parallel, i.e., the direction of extrusion, in a vertical plane and a sintering component is manufactured. 
[001 1] As for said hot extrusion process, like [ in solving the above-mentioned technical technical problem ] the 
technical means provided in claim 3 of this invention, it is desirable to perform heating temperature within the limits of 
200 degrees C - 550 degrees C. By considering as this heating temperature, improvement in a thermoelectrical property 
is desired further. 

[0012] Moreover, said heat extrusion process is an extrusion pressure like [ in solving the above-mentioned technical 
technical problem ] the technical means provided in claim 4 of this invention 500kg/cm2 It is desirable to carry out as 
the above, a knockout pressure — 500kg/cm2 the above — ** — if it carries out, improvement in the above-mentioned 
thermoelectrical property will become still larger. 

[0013] The technical means provided in claim 5 of this invention in order to solve the above-mentioned technical 
technical problem are having considered as the thermoelectric semiconductor sintering component which extruded 
having carried out disintegration of the thermoelectric semiconductor crystal, and heating the powder of this 
thermoelectric semiconductor crystal, fabricated the thermoelectric semiconductor sintered compact, and cut and 
fabricated this thermoelectric semiconductor sintered compact. Thus, the manufactured thermoelectric semiconductor 
sintered compact component shows a thermoelectrical property better than the conventional thing. 
[0014] Moreover, as for said thermoelectric semiconductor sintering component, it is desirable for the diameter of 
crystal grain to be 10 micrometers or less like [ in solving the above-mentioned technical technical problem ] the 
technical means provided in claim 6 of this invention. If a thermoelectric semiconductor sintered compact is 
manufactured according to a hot extrusion process, the thermoelectric semiconductor crystal powder which is a raw 
material at the time of extrusion molding will be further made detailed. And a grain boundary increases that the 
diameter of crystal grain when becoming a sintered compact is 10 micrometers or less, and since advance of the crack 
of a component becomes is easy to be prevented in a grain boundary, the mechanical strength of a component increases 
further. 

[0015] Said thermoelectric semiconductor crystal is a degree type and Bix Sby Tez Sea (0.35<=x<=0.65, 1.35 
<=y<=1.65, 2.65<=z<=3.3, 0<a<=0.35) more preferably like the technical means provided in claim 7 of this invention. 
It comes out and it is desirable that it is the presentation shown. By considering as the above-mentioned presentation, a 
thermoelectrical property improves more in a P type thermoelectric semiconductor sintering component. 
[0016] Moreover, said thermoelectric semiconductor crystal is a degree type and Bix Sby Tez (0.35<=x<=0.65, 1.35 
<=y<=1.65, 2.65<=z<=3.3) like the technical means provided in claim 8 of this invention. 

It comes out and it is desirable that it is the presentation shown. By considering as the above-mentioned presentation, a 
thermoelectrical property improves more in a P type thermoelectric semiconductor sintering component. 
[0017] Moreover, the powder of said thermoelectric semiconductor crystal is a degree type and Bix Sby Tez Sea 
(1.35<=x<=2.05, 0<y<=0.65, 2.65 <=z<=3.1, 0< a<=0.3) like the technical means provided in claim 9 of this invention. 

It comes out and it is desirable that it is the presentation shown. By considering as the above-mentioned presentation, a 



Page 3 of 9 

* 

thermoelectrical property improves more in an N type thermoelectric semiconductor sintering component. 

[0018] Moreover, the powder of said thermoelectric semiconductor crystal is a degree type and Bix Tez Sea 

(1.35<=x<=2.05, 2.65 <=z<=3.1, 0<a<=0.35) like the technical means provided in claim 10 of this invention. 

It comes out and it is desirable that it is the presentation shown. By considering as the above-mentioned presentation, a 

thermoelectrical property improves more in an N type thermoelectric semiconductor sintering component. 

[0019] Moreover, the powder of said thermoelectric semiconductor crystal is a degree type and Bix Tez 

(1.35<=x<=2.05, 2.65 <=z<=3.1) like the technical means provided in claim 1 1 of this invention. 

It comes out and it is desirable that it is the presentation shown. By considering as the above-mentioned presentation, a 

thermoelectrical property improves more in an N type thermoelectric semiconductor sintering component. 

[0020] 

[Embodiment of the Invention] 

(Example of the 1st operation gestalt) Below, the example of the 1st operation gestalt of this invention is explained 
based on a drawing. 

[0021] First, weighing capacity of the raw material with a purity [ of Bi Te, and Se ] of 3 Ns was carried out, and these 
raw materials were supplied in the quartz tube so that it might become the presentation of Bi2 Te2.85Se0.15. 
[0022] in order [ next, ] to adjust carrier concentration — the inside of a quartz tube — bromination - the 2nd mercury 
(HgBr2) -- 0.09wt(s)% - it added. 

[0023] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0024] After rocking heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour 
and carrying out melting churning of the mixture of the raw material in tubing, it was made to cool and considered as 
the thermoelectric semiconductor crystal alloy. 

[0025] This thermoelectric semiconductor crystal alloy was ground in the cutter mill, and it considered as 
thermoelectric semiconductor crystal powder (powder chemically-modified degree). 

[0026] Next, the ground thermoelectric semiconductor crystal powder was classified and it adjusted to powder 90 
micrometers or less. 

[0027] Thus, the powder of the produced thermoelectric semiconductor crystal was put into hot extrusion equipment 1 
as roughly shown in drawing 1 , and hot extrusion shaping was performed (hot extrusion process). 
[0028] Here, hot extrusion equipment 1 is explained. Hot extrusion equipment 1 is equipped with metal mold 1 1. the 
tabular heater 12 energizes metal mold 1 1 from an attachment **** cage and the current supply section which is not 
illustrated to an outside surface at a heater 12, it is heated, and, thereby, metal mold 1 1 is heated. Moreover, space 
section 1 la for ingredient supply is prepared in the interior, and, as for metal mold 11, thermoelectric semiconductor 
crystal powder is supplied to this space section 11a. Moreover, in this example of an operation gestalt, space section 
11a consisted of cylindrical section 111a and truncated-cone form section 111b, the diameter of cylindrical section 
111a was designed to 20mm, and the taper angle (the include angle theta shown in drawing 1 ) of truncated-cone form 
section 111b was designed at 45 degrees. The end of path section 1 lb is connected and opening of the other end of this 
path section 1 lb is carried out to the truncated-cone form section 1 1 lb side of space section 1 la on the front face 
shown by the illustration A of metal mold 1 1. In this opening, an extrusion-molding object is discharged from metal 
mold 1 1. In this example of an operation gestalt, the path of path section lib was designed to 2mm. Opening of the 
cylindrical section 1 1 la is carried out on the front face shown by the illustration B of metal mold 1 1 . B front- face side 
of metal mold 1 1 is equipped with punch 13. Punch 13 is formed in the shape of a cylinder, and let the path be a 
diameter of said mostly with the path of cylinder diameter 1 1 la of metal mold 11. And it drives in the direction of 
illustration arrow-head C, and is constituted by a hydraulic drive, motorised, etc. possible [ a round trip of the inside of 
cylinder diameter 1 1 la ]. In metal mold 1 1, the temperature sensor 14 is incorporated further, and a temperature sensor 
14 can measure the temperature of metal mold 1 1 . 

[0029] The pressures which the temperature of metal mold requires for 400 degrees C and thermoelectric 
semiconductor crystal powder in this example of an operation gestalt are 10 ton/cm2. The temperature of a heater 12 
and the thrust of punch 13 are adjusted so that it may become. If punch 13 is moved in the direction of illustration 
arrow-head C to the bottom of this condition, although the thermoelectric semiconductor crystal powder in space 
section 1 la is heated, it will be pressurized by the thrust of punch 13 and will serve as a sintered compact gradually. 
Thus, the fabricated sintered compact is extruded from space section 1 la to path section 1 lb, it is discharged by the 
exterior of metal mold 1 1 from path section 1 lb, and the thermoelectric semiconductor sintered compact 16 is 
manufactured. 

[0030] Next, the thermoelectric semiconductor sintered compact by which hot extrusion was carried out was cut in 
respect of being perpendicular to the extrusion direction, as shown in drawing 2 , and the piece of cutting was used as 
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the thermoelectric semiconductor sintering component 17. 

[0031] (Example of the 2nd operation gestalt) First, weighing capacity of the raw material with a purity [ of Bi, Sb, and 
Se ] of 3 Ns was carried out, and it supplied in the quartz tube so that it might become the presentation of Bi0.5 Sbl.5 
Se3.15. 

[0032] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0033] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0034] This alloy was ground in the cutter mill. 

[0035] Next, the ground alloy was classified and it adjusted to powder 50 micrometers or less. 

[0036] Thus, it is the powder of the produced thermoelectric semiconductor crystal The temperature of 350 degrees C, 
and pressure 10 ton/cm2 Hot extrusion shaping was performed to the bottom of a condition, and the sintered compact 
was produced. Since the hot extrusion equipment used at this time is the same as what was explained in the example of 
the 1st operation gestalt, explanation is omitted. 

[0037] Next, the sintered compact extruded between heat was cut in respect of being perpendicular to the extrusion 

direction, and the piece of cutting was used as the thermoelectric semiconductor sintering component 17. 

[0038] (Example of the 3rd operation gestalt) First, weighing capacity of the raw material with a purity [ of Bi, Te, Sb, 

and Se ] of 3 Ns was carried out, and it supplied in the quartz tube so that it might become the presentation of Bil.6 

Sb0.4Te2.85Se0.15. 

[0039] in order [ next, ] to adjust carrier concentration ~ the inside of a quartz tube - a copper bromide (CuBr2) - 
0.09wt(s)% -- it added. 

[0040] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0041] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0042] This alloy was ground in the cutter mill. 

[0043] Next, the ground alloy was classified and it adjusted to powder 45 micrometers or less. 

[0044] Thus, it is the powder of the produced thermoelectric semiconductor crystal The temperature of 450 degrees C, 
and pressure 2 ton/cm2 Hot extrusion shaping was performed to the bottom of a condition, and the sintered compact 
was produced. Since the hot extrusion equipment used at this time is the same as that of what was explained in the 
example of the 1st operation gestalt, that explanation is omitted. 

[0045] Next, the sintered compact extruded between heat was cut in respect of being perpendicular to the extrusion 
direction, and the piece of cutting was used as the thermoelectric semiconductor sintering component 17. 
[0046] (Example of the 4th operation gestalt) It is Bi2 Te2.7 Se0.3 first. Weighing capacity of the raw material with a 
purity [ of Bi, Te, and Se ] of 3 Ns was carried out, and it supplied in the quartz tube so that it might be formed. 
[0047] in order [ next, ] to adjust carrier concentration - the inside of a quartz tube bromination — the 2nd mercury 
(HgBr2) 0.09wt(s)% » it added. 

[0048] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0049] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0050] This alloy was ground in the cutter mill. 

[0051] Next, the ground alloy was classified and it adjusted to 45-90-micrometer powder. 

[0052] Thus, it is the powder of the produced thermoelectric semiconductor crystal The temperature of 400 degrees C, 
and pressure 50 ton/cm2 Hot extrusion shaping was performed to the bottom of a condition, and the sintered compact 
was produced. Since the hot extrusion equipment used at this time is the same as that of what was used in the example 
of the 1st operation gestalt, that explanation is omitted. 

[0053] Next, the sintered compact extruded between heat was cut in respect of being perpendicular to the extrusion 

direction, and the piece of cutting was used as the thermoelectric semiconductor sintering component 17. 

[0054] (Example of the 5th operation gestalt) First, weighing capacity of the raw material with a purity [ of Bi, Te, and 

Se ] of 3 Ns was carried out, and it supplied in the quartz tube so that it might become the presentation of Bi2 

Te2.85Se0.15. 

[0055] in order [ next, ] to adjust carrier concentration - the inside of a quartz tube bromination — the 2nd mercury 
(HgBr2) - 0.09wt(s)% -- it added. 

[0056] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
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closed. 

[0057] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0058] This alloy was ground in the cutter mill. 

[0059] Next, the ground alloy was classified and it adjusted to powder 10 micrometers or less. 

[0060] Thus, the powder of the produced thermoelectric semiconductor crystal is put into metal mold as shown in 

drawing 1 , and they are the temperature of 350 degrees C, and pressure 60 ton/cm2. Hot extrusion shaping was 

performed to the bottom of a condition, and the sintered compact was produced. Since the hot extrusion equipment 

used at this time is the same as that of what was used in the example of the 1st operation gestalt, that explanation is 

omitted. 

[0061] Next, the sintered compact extruded between heat was cut in respect of being perpendicular to the extrusion 

direction, and the piece of cutting was used as the thermoelectric semiconductor sintering component 17. 

[0062] (Example of the 6th operation gestalt) First, weighing capacity of the raw material with a purity [ of Bi, Te, Sb, 

and Se ] of 3 Ns was carried out, and it supplied in the quartz tube so that it might become the presentation of Bi0.4 

Sbl.6Te2.85Se0.15. 

[0063] in order [ next, ] to adjust carrier concentration - the inside of a quartz tube - silver (Ag) - 0.016wet(s)% - it 
added. 

[0064] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0065] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0066] This alloy was ground in the cutter mill. 

[0067] Next, the ground alloy was classified and it adjusted to powder 120 micrometers or less. 

[0068] Thus, the powder of the produced thermoelectric semiconductor crystal is put into metal mold as shown in 

drawing 1 , and they are the temperature of 500 degrees C, and pressure 20 ton/cm2. Hot extrusion shaping was 

performed to the bottom of a condition, and the sintered compact was produced. Since the hot extrusion equipment 

used at this time is the same as that of what was used in the example of the 1st operation gestalt, that explanation is 

omitted. 

[0069] Next, the sintered compact extruded between heat was cut in respect of being perpendicular to the extrusion 

direction, and the piece of cutting was used as the thermoelectric semiconductor sintering component 17. 

[0070] (Example of the 7th operation gestalt) It is Bi0.5 Sbl.5 Se3.0 first. Weighing capacity of the raw material with a 

purity [ of Bi, Sb, and Se ] of 3 Ns was carried out, and it supplied in the quartz tube so that it might be formed. 

[0071] in order [ next, ] to adjust carrier concentration ~ the inside of a quartz tube - silver (Ag) ~ 0.016wt(s)% - it 

added. 

[0072] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0073] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0074] This alloy was ground in the cutter mill. 

[0075] Next, the ground alloy was classified and it adjusted to 20-90-micrometer powder. 

[0076] Thus, the powder of the produced thermoelectric semiconductor crystal is put into metal mold as shown in 
drawing 1 , and they are the temperature of 500 degrees C, and pressure 20 ton/cm2. Hot extrusion shaping was 
performed to the bottom of a condition, and the sintered compact was produced. Since the hot extrusion equipment 
used at this time is the same as that of what was used in the example of the 1st operation gestalt, that explanation is 
omitted. 

[0077] Next, the sintered compact extruded between heat was cut in respect of being perpendicular to the extrusion 

direction, and the piece of cutting was used as the thermoelectric semiconductor sintering component 17. 

[0078] (Example of the 8th operation gestalt) First, weighing capacity of the raw material with a purity [ of Bi, Sb, and 

Se ] of 3 Ns was carried out, and it supplied in the quartz tube so that it might become the presentation of Bi0.6 Sbl.4 

Se3.25. 

[0079] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0080] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0081] This alloy was ground in the cutter mill. 
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[0082] Next, the ground alloy was classified and it adjusted to powder 10 micrometers or less. 

[0083] Thus, the powder of the produced thermoelectric semiconductor crystal is put into metal mold as shown in 

drawing 1 , and they are the temperature of 300 degrees C, and pressure 50 ton/cm2. Hot extrusion shaping was 

performed to the bottom of a condition, and the sintered compact was produced. Since the hot extrusion equipment 

used at this time is the same as that of what was used in the example of the 1st operation gestalt, that explanation is 

omitted. 

[0084] Next, the sintered compact extruded between heat was cut in respect of being perpendicular to the extrusion 
direction, and the piece of cutting was used as the thermoelectric semiconductor sintering component 17. 
[0085] (Example 1 of a comparison) First, weighing capacity of the raw material with a purity [ of Bi, Te, and Se ] of 3 
Ns was carried out, and it supplied in the quartz tube so that it might become the presentation of Bi2 Te2.85Se0.15. 
[0086] in order [ next, ] to adjust carrier concentration the inside of a quartz tube -- bromination - the 2nd mercury 
(HgBr2) - 0.09wt(s)% - it added. 

[0087] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0088] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0089] This alloy was ground in the cutter mill. 

[0090] Next, the ground alloy was classified and it adjusted to powder 37-74 micrometers or less. 

[0091] Thus, it is the powder of the produced thermoelectric semiconductor crystal The temperature of 400 degrees C, 

and pressure 0.45 ton/cm2 The hotpress was carried out to the bottom of a condition, and the sintered compact was 

fabricated. 

[0092] Next, the sintered compact fabricated by carrying out a hotpress was cut, and the piece of cutting was used as 
the thermoelectric semiconductor sintering component. 

[0093] (Example 2 of a comparison) First, weighing capacity of the raw material with a purity [ of Bi, Sb, and Se ] of 3 
Ns was carried out, and it supplied in the quartz tube so that it might become the presentation of Bi0.5 Sbl.5 Se0.15. 
[0094] Next, the inside of a quartz tube was made into the vacuum of 0.1 or less torrs with the vacuum pump, and it 
closed. 

[0095] It rocked heating the quartz tube which made the inside of tubing the vacuum at 700 degrees C for 1 hour, and it 
was made to cool and the mixture of the raw material in tubing was alloyed, after carrying out melting churning. 
[0096] This alloy was ground in the cutter mill. 

[0097] Next, the ground alloy was classified and it adjusted to powder 20-150 micrometers or less. 

[0098] Thus, it is the powder of the produced thermoelectric semiconductor crystal The temperature of 380 degrees C, 

and pressure 0.5 ton/cm2 The hotpress was carried out to the bottom of a condition, and the sintered compact was 

fabricated. 

[0099] Next, the sintered compact fabricated by carrying out a hotpress was cut, and the piece of cutting was used as 
the thermoelectric semiconductor sintering component. 

[0100] As mentioned above, each thermoelectric semiconductor sintering component sample was produced, and the 
compressive strength of each sample, a Seebeck coefficient, and electrical conductivity were measured. The 
manufacture conditions and measurement result of each sample in the examples 1-4 of an operation gestalt are 
summarized. To Table 1 The manufacture conditions and measurement result of each sample in the examples 5-8 of an 
operation gestalt are summarized. To Table 2 The manufacture conditions and measurement result of each sample in 
the example of a comparison are collectively shown in Table 3 (in addition). The Seebeck coefficient in the example of 
an operation gestalt and electrical conductivity are measured about a vertical 2-way to the direction of a knockout and 
the extrusion direction of [ at the time of extrusion molding ]. the Seebeck coefficient in the example of a comparison 
and electrical conductivity were measured about the vertical 2-way to the pressurization direction and the 
pressurization direction of [ at the time of a hotpress ]. . The organization photograph of the thermoelectric 
semiconductor sintering component sample manufactured in the example 1 of an operation gestalt moreover, to 
drawing 3 (one 10000 times the scale factor of this) The organization photograph of the thermoelectric semiconductor 
sintering component sample manufactured in the example 2 of an operation gestalt to drawing 4 (one 1000 times the 
scale factor of this) [0101] which shows the organization photograph of the thermoelectric semiconductor sintering 
component sample which manufactured the organization photograph of the thermoelectric semiconductor sintering 
component sample manufactured in the example 1 of a comparison in the example 2 of a comparison to drawing 5 (one 
400 times the scale factor of this) to drawing 6 (one 400 times the scale factor of this) 
[Table 1] — 
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[0104] Also in any of the example of the example of 1st operation gestalt - 8th operation gestalt, the thermoelectrical 
property was better than what manufactured the sintered compact with the hotpress performed as an example of a 
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comparison so that clearly from the above-mentioned measurement result. This is considered to be based on the reason 
v shown below. That is, the particle size of the thermoelectric semiconductor sintering component manufactured in this 
example of an operation gestalt is very small, and most has become 10 micrometers or less so that clearly also from the 
photograph of drawing 3 - drawing 6 . On the other hand, the particle size of the thermoelectric semiconductor sintering 
component manufactured in the example of a comparison is comparatively large, and is about 50 micrometers. A 
powder grain is considered [ a lifting and ] to have made it detailed in recrystallization at the time of the extrusion in a 
hot extrusion process, and in this recrystallization process, since it melts near the powder grain boundary together and 
electrical conductivity of this improves, it is considered that a thermoelectrical property becomes good. 
[0105] Moreover, also in any of the example of the example of 1st operation gestalt - 8th operation gestalt, what 
manufactured the sintered compact with the hotpress which is an example of a comparison shows that a mechanical 
strength (compressive strength) is high. This is considered to be because for a grain boundary to have more examples of 
an operation gestalt than the thing of the example of a comparison and for the probability for advance of the crack in a 
sintered compact to be prevented in the grain boundary to be high. 

[0106] Moreover, even if it takes which example of an operation gestalt, the thermoelectrical property which the 
direction of the thermoelectrical property measured in the direction parallel to the direction of extrusion measured in 
the direction perpendicular to the direction of extrusion is better. This is considered for grained C side to carry out 
orientation in the parallel direction to the direction of extrusion (the parallel direction of a thermoelectrical property is 
better than a perpendicular direction to C side to grained C side.). 
[0107] 

[Effect of the Invention] Invention of claim 1 has effectiveness as the following. 

[0108] When sintering-izing the thermoelectric semiconductor crystal powder in which disintegration was carried out 
by the powder chemically-modified degree, it extruded heating and the sintered compact was fabricated. The 
thermoelectric semiconductor sintering component equipped with the thermoelectrical property better than the 
conventional thing by this can be manufactured. Moreover, since the sintered compact manufactured at the hot 
extrusion process was cut and it considered as the sintering component, all the used raw materials could be used as the 
component, and the yield improved. Furthermore, since it is a sintering component, a mechanical strength is also good. 
[0109] Invention of claim 2 has effectiveness as the following. 

[0110] Since the hot extrusion process cut said thermoelectric semiconductor sintered compact for the thermoelectric 
semiconductor sintered compact to the direction of extrusion after ****** in the vertical plane and the thermoelectric 
semiconductor sintering component was manufactured, it is stabilized and the thermoelectric semiconductor sintering 
component equipped with the good thermoelectrical property can be manufactured. 
[0111] Invention of claim 3 has the effectiveness like a less or equal. 

[0112] Heating temperature in a hot extrusion process was performed as within the limits of 200 degrees C - 580 
degrees C. Thereby, it is stabilized and the thermoelectric semiconductor sintering component whose thermoelectrical 
property improved further can be manufactured. Detailed-izing according that heating temperature is 200 degrees C or 
less to recrystallization is hard coming to happen and is not desirable. Moreover, since it fuses that heating temperature 
is 580 degrees C or more and extrusion molding becomes impossible, it is not desirable. 
[01 13] Invention of claim 4 has effectiveness as the following. 

[0114] It is an extrusion pressure in a heat extrusion process 500kg/cm2 It carried out as the above. Thereby, 
improvement in a thermoelectrical property can manufacture efficiently a much more big thermoelectric semiconductor 
sintering component. It is a knockout pressure 500kg/cm2 Since an extrusion rate will become extremely slow and 
productivity will worsen if it is the following, it is not desirable. 
[0115] Invention of claim 5 has effectiveness as the following. 

[0116] Since disintegration of the thermoelectric semiconductor crystal was carried out, and it extruded, heating the 
powder of this thermoelectric semiconductor crystal and the thermoelectric semiconductor sintered compact was 
fabricated, it can consider as the thermoelectric semiconductor sintering component whose thermoelectrical property 
improved. 

[01 17] Invention of claim 6 has effectiveness as the following. 

[01 18] Since the diameter of crystal grain of a thermoelectric semiconductor sintering component set to 10 micrometers 
or less, the mechanical strength of a component can be made to increase further. 
[01 19] Invention of claim 7 has effectiveness as the following. 

[0120] About a thermoelectric semiconductor crystal, they are a degree type and Bix Sby Tez Sea (0.35<=x<=0.65, 
1.35 <=y<=1.65, 2.65<=z<=3.3, 0<a<=0.35). 

It can come out, and can write as the presentation shown, and a thermoelectrical property can be further raised in a P 
type thermoelectric semiconductor sintering component. 
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[0121] Invention of claim 8 has effectiveness as the following. 
v [0122] About a thermoelectric semiconductor crystal, they are a degree type and Bix Sby Tez (0.35<=x<=0.65, 1.35 
<=y<=1.65, 2.65<=z<=3.3). 

It can come out, and can write as the presentation shown, and a thermoelectrical property can be further raised in a P 
type thermoelectric semiconductor sintering component. 
[0123] Invention of claim 9 has effectiveness as the following. 

[0124] About the powder of a thermoelectric semiconductor crystal, they are a degree type and Bix Sby Tez Sea 
(1.35<=x<=2.05, 0<y<=0.65, 2.65 <=z<=3.1, 0< a<=0.3). 

It can come out, and can write as the presentation shown, and a thermoelectrical property can be further raised in an N 
type thermoelectric semiconductor sintering component. 
[0125] Invention of claim 10 has effectiveness as the following. 

[0126] About the powder of a thermoelectric semiconductor crystal, they are a degree type and Bix Tez Sea 
(1.35<=x<=2.05, 2.65 <=z<=3.1, 0<a<=0.35). 

It can come out, and can write as the presentation shown, and a thermoelectrical property can be further raised in an N 
type thermoelectric semiconductor sintering component. 
[0127] Invention of claim 1 1 has effectiveness as the following. 

[0128] About the powder of a thermoelectric semiconductor crystal, they are a degree type and Bix Tez 
(1.35<=x<=2.05, 2.65 <=z<=3.1). 

It can come out, and can write as the presentation shown, and a thermoelectrical property can be further raised in an N 
type thermoelectric semiconductor sintering component. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the hot extrusion equipment in the example of an operation gestalt of this 
invention. 

[Drawing 2] It is the schematic diagram of the cutting process in the example of an operation gestalt of this invention. 
[Drawing 3] It is the cross-section organization photograph of the thermoelectric semiconductor sintered compact 
manufactured in the example 1 of an operation gestalt of this invention. 

[Drawing 4] It is the cross-section organization photograph of the thermoelectric semiconductor sintered compact 
manufactured in the example 2 of an operation gestalt of this invention. 

[Drawing 5] It is the cross-section organization photograph of the thermoelectric semiconductor sintered compact 
manufactured in the example 1 of a comparison. 

[Drawing 6] It is the cross-section organization photograph of the thermoelectric semiconductor sintered compact 
manufactured in the example 2 of a comparison. 
[Description of Notations] 

I Hot Extrusion Equipment 

I I Metal Mold 11a Ingredient Feed Zone 1 IB Path Section, 
111a The cylindrical section 111b Truncated-cone form section 

12 Heater 

13 Punch 

14 Temperature Sensor 

16 Thermoelectric Semiconductor Sintered Compact 

17 Thermoelectric Semiconductor Sintering Component 
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